Abstract. Indium tin oxide (ITO) nanocolumns were successfully deposited on both glass and silicon substrates at different substrate temperature from room temperature to 300°C by radio frequency (RF) magnetron sputtering system using an ITO target. The composition of the ITO target was 90% indium oxide and 10% tin oxide. Structures and morphological properties of ITO nanocolumns were investigated. X-ray diffraction (XRD) measurement revealed that the main preferred orientation was changed from (222) to (400) as the substrate temperature increased. The atomic force microscopy (AFM) reveals that the roughness values were increases as the substrate temperature increases. The cross sectional and top view field emission scanning electron microscopy (FESEM) images show that densely packed nanocolumn arrays were obtained from all of samples.
INTRODUCTION
The development of p-type ohmic electrodes, which have a high optical transmittance, low contact resistivity and high refractive index is necessary in optoelectronic application such as for high-bright light emitting diode (HB-LED). Therefore, various transparent conducting oxides (TCO) have been studied such as zinc oxide, tin oxide and indium tin oxide (ITO) [1] [2] [3] [4] . Among the transparent electrode, ITO has been considered as one of the promising electrodes owing to its excellent properties in electrical conductivity (>10 4 Scm -1 ), optical transmittance ( >80%), chemical inertness, hardness and substrate adhesion [5, 6] . Chiu et. al . demonstrated that by using ITO nanorods on top of ITO films as a contact can be significantly improved the light output from an LED surface layer [7] . Minami et. al proposed that transparent conductive ITO is extensively employed in III-nitride LED as an artificial multifunctional material and expected to provide more uniform current spreading [8] . The ITO films and nanostructures have wide band gap of 3.5 -4.3 eV n-type conductivity due to oxygen vacancies and substitutional tin dopants [9] .The present study shows the effect of substrate temperature on structural and morphological studies of ITO nanocolumns deposited by RF magnetron sputtering.
EXPERIMENTAL METHOD
ITO samples were sputtered onto glass and silicon substrates by an RF magnetron sputtering system. The composition of ITO target was 90% indium oxide (In 2 O 3 ) and 10% tin oxide (SnO 2 ). The distance of target to sample was 14 cm. The deposition was done at constant power of 200 Watt, pressure of 5 mTorr, argon:oxygen gas mixture ratio of 10:5 sccm and deposition time for all samples is kept constant of 60 minutes. The substrate temperature was varied from room temperature (RT) to 100, 200 and 300°C.
The crystalline structure of the ITO nanocolumns was investigated by x-ray diffraction (XRD) analysis using Siemens D5000 with a Cu Kα radiation source and λ = 0.154 nm. A working voltage of 28 kV employed with a filament current of 8 mA. The XRD pattern was collected over 2θ range of 10-80°. The 5×5 µm atomic force microscopy (AFM) image was captured on the sample surface by using Park Systems XE-100. The surface morphology and cross sectional structure was determine by field emission scanning electron microscopy (FESEM) using JEOL JSM-7600F.
RESULTS AND DISCUSSIONS
X-ray diffraction patterns of ITO nanocolumns were prepared at different substrate temperatures are shown in Fig 1. There are four major ITO diffraction peaks corresponding to (222), (400), (440) and (622) planes are detected from the ITO nanocolumns [10, 11, 12] . All the samples show polycrystalline nature. It is clear from the figure that the structure and orientation of ITO nanocolumns deposited at RT exhibiting a dominant (222) orientation peak. Jung et al. [13] has been observed that the (222) preferential orientation is highly dominant at the initial growth phase for any deposition condition. This is due to the fact that indium atoms on substrate are expected to aggregate into densely packed (111) planes which are close (222) planes in bixbyite structure during the nucleation stage [13] . However, the dominant nature changed from (222) to (400) when there is an increase in substrate temperature. It is also seen that the intensity of the (400) peak increases with increasing substrate temperature up to 200°C but turns to degrade at 300°C. Kumar et al. [14] reported on their work of RF sputtering found that the structure and orientation of ITO depended on the energy of the sputtered particles arriving at the substrate. They suggested that the thermalized sputtered atoms prefer to be orientate in the (222) direction while the particles with higher energies tend to be grown (400) orientation depending on their energies. Therefore, the nanostructures deposited at high substrate temperature has the (400) preferred orientation rather than (222).
The atomic force microscopy (AFM) in 2D images shown in Fig 2. exhibits the surface morphology of ITO nanocolumns deposited at difference substrate temperature. Further analysis of the AFM image was listed in Table 1 . The roughness values were obtained from an area of 5×5 µm AFM image. Arithmetic mean of the surface roughness profile from the center line within the measuring line was determined and was derived as average roughness (R a ). The difference in height between the highest and lowest points on the surface height deviations was measured from the mean plane derived as peak-to-valley (P-V) roughness. From the data analysis, the maximum surface average roughness value is observed at high substrate temperature.
The surface and cross sectional morphologies FESEM of the ITO nanocolumns sample are shown in Fig 3. The figures compared those samples deposited at room temperature and 200°C. The 200°C sample was selected due to its high XRD intensity as shown in Fig 1. The clusters of grain size along sample surface from the FESEM image increase as the substrate temperature is increase. On the other hand, the cross sectional image exhibits that the ITO nanocolumns were heavy grown in perpendicular to the substrate with densely packed nanocolumns array. Such results are also observed in all of the investigated deposition temperatures. The average nanocolumns diameter was found to be between 20-25 nm. The lengths of ITO nanocolumns are found to be 270-280 nm were determined from both ITO samples deposited at different substrate temperature. Kim et. al. [16] reported that high density of nanocolumns is essentially applied to highly luminescence devices, such as HB-LED because of their large emissive area and highly crystalline quality.
CONCLUSION
We have demonstrated the effect of substrate temperature on the properties of ITO nanocolumns deposited onto both glass and silicon substrate by RF magnetron sputtering. Our observations suggested that the ITO nanocolumns of structural and morphological properties from the aspects of improved when the substrate temperature increased. 100 nm X 100 000 100 nm X 100 000 100 nm X 100 000 100 nm X 100 000
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